ABSTRACT: Lambs born from feed-restricted or overfed ewes can be lighter at birth, whereas maternal Se supplementation can increase fetal size near term. We hypothesized that birth weight would be inversely related to feed efficiency and growth rates during postnatal development. To examine the effects of maternal dietary Se and nutrient restriction or excess on postnatal lamb growth, diet digestibility, and N retention, 82 ewe lambs (52.2 ± 0.8 kg) were allotted randomly to 1 of 6 treatments in a 2 × 3 factorial arrangement. Factors were dietary Se [adequate Se (9.5 μg/kg of BW; ASe) vs. high Se (Se-enriched yeast; 81.8 μg/kg of BW; HSe)] and maternal nutritional intake [60% (restricted, RES), 100% (control, CON), or 140% (high, HI) of NRC requirements]. Selenium treatments began at breeding. Nutritional treatments began on d 50 of gestation. Lambs were immediately removed from their dams at parturition, provided artificial colostrum, and fed milk replacer until weaning. After weaning, lambs were maintained using common management and on common diets until necropsy at 180 d. Male and female lambs from RES-fed ewes were lighter (P ≤ 0.03) at birth than lambs from CON-fed ewes, with lambs from HI-fed ewes being intermediate. Although maternal nutritional intake influenced (P < 0.06) BW gain before weaning on d 57, both maternal nutritional intake and sex of offspring influenced (P ≤ 0.09) BW gain from d 57 to 180. Although maternal nutritional intake did not influence (P ≥ 0.35) female lamb BW gain, male lambs from RES-fed ewes were lighter (P ≤ 0.09) than those from CON-fed ewes until d 162. By d 180, male lambs from RES-and HI-fed ewes were lighter (P ≤ 0.09) than those from CON-fed ewes. In a subset of lambs used in a feed efficiency study, namely, those born to ASe ewes, HI maternal nutritional intake decreased (P ≤ 0.09) ADG and G:F compared with lambs born to RES-and CON-fed ewes, which did not differ (P ≥ 0.60). Conversely, when lambs were born to HSe ewes, HI maternal nutritional intake increased (P ≤ 0.01) ADG and G:F compared with CON, with RES being intermediate. Moreover, lambs born to ASe-HI ewes had decreased (P < 0.01) ADG and G:F compared with lambs born to HSe-HI ewes. Furthermore, male lambs had a greater (P < 0.01) G:F than female lambs. Maternal diet did not affect (P ≥ 0.11) N retention in male lambs. These data indicate that maternal nutrition during gestation and sex of the offspring alter postnatal growth and efficiency of growth in offspring despite similar postnatal management.
INTRODUCTION
In livestock, the nutritional status of the dam contributes greatly to the developmental programming of the offspring, which can occur in both prenatal and early postnatal life (Godfrey and Barker, 2000; Wu et al., 2006) . Because both placental and mammary nutrient delivery systems have the potential to be altered by gestational nutritional intake, postnatal growth could be impaired by alterations in nutrient absorption in utero, or by alterations in milk volume and composition during lactation. Selenium is an essential trace mineral important for normal growth and development (Sunde, 1997) . Rangelands in the Dakotas contain vegetation with increased Se concentrations (Rosenfeld and Beath, 1964) . Forage availability can vary because of precipitation. Varying management practices in conjunction with forage availability can result in modest nutrient restriction or excess in gestating ruminants. Restricting and overfeeding ewe lambs have been shown to alter normal growth and development of the conceptus (Wallace et al., 2000; Reed et al., 2007; Lekatz et al., 2010) . Moreover, nutritionally manipulating dams can skew growth performance of offspring (Da Silva et al., 2001; Martin et al., 2007; Larson et al., 2009 ) as well as colostrum quality (Mellor and Murray, 1985; Swanson et al., 2008) and milk yield and composition (Garbel et al., 2009 ) because 98% of mammary gland growth occurs during gestation (Anderson, 1975) .
We hypothesized that both Se and the nutritional status of ewes during gestation would subsequently affect lamb growth, diet digestibility, and N retention despite similar postnatal nutrition. To uncouple the effects of the maternal gestational diet on lactation from its effects on the growth and development of offspring, we developed a model in which lambs were reared independently of their dams to determine the direct effects of over-and undernutrition during mid to late pregnancy, in combination with supranutritional concentrations of Se, on offspring growth, diet digestibility, and N retention.
MATERIALS AND METHODS
Animal care and use was approved by the Institutional Animal Care and Use Committees at North Dakota State University (NDSU), Fargo, and the USDA-ARS, US Sheep Experiment Station (USSES), Dubois, ID.
Animals and Diets
A full description of the breeding and feeding programs has been published previously (Swanson et al., 2008) . Briefly, 160 Rambouillet ewe lambs (age = 240 ± 17 d) at the USSES were randomly assigned to Se treatments initiated at breeding. Selenium treatments were adequate Se (ASe; 9.5 μg/kg of BW) vs. high Se (HSe; 81.8 μg/kg of BW from Se-enriched yeast; Diamond V, Cedar Rapids, IA) and were delivered in pellet form as a daily top dressing (100 g/ewe). Several research projects have been conducted in our laboratory using this quantity of Se with no signs of toxicity Reed et al., 2007; Swanson et al., 2008; Carlson et al., 2009) . During breeding through pregnancy diagnosis (approximately 33 d postbreeding), ewes were group fed (4 pens/Se treatment; 20 ewes/pen; 2.04 kg/ewe daily) a diet consisting of 47% alfalfa hay, 20% corn, 20% sugar beet pulp pellets, 8% malt barley straw, and 5% concentrated separator by-product (DM basis; Swanson et al., 2008) . On approximately d 35 of gestation, 82 pregnant ewes were identified and shipped (1,544 km; approximately 14 h) to the Animal Nutrition and Physiology Center at NDSU for the remainder of the experiment. Ultimately, 40 and 42 ewes remained in the ASe and HSe treatment groups, respectively.
On arrival at NDSU, ewes remained on their assigned Se treatments. Ewes were individually housed in 0.91 × 1.2 m pens in a temperature-controlled (12°C) and ventilated facility for the duration of the study. Lighting within the facility was automatically timed to mimic daylight patterns. On d 50 of gestation, ewes were assigned randomly to 1 of 3 nutritional diets: 60% (restricted, RES), 100% (control, CON), or 140% (high, HI) of the NRC (1985) requirements, resulting in a randomized design with a 2 × 3 factorial arrangement of treatments [ASe-RES (n = 14); ASe-CON (n = 13); ASe-HI (n = 13); HSe-RES (n = 14); HSe-CON (n = 14); HSe-HI (n = 14)]. All diets were fed once daily in a complete pelleted form consisting of 36.5% beet pulp, 22.3% alfalfa meal, 16.2% ground corn, 18.0% soybean hulls, and 5 to 7% soybean meal (0.48 cm diameter; Swanson et al., 2008) . The soybean meal was reduced to 5% in the HSe pellet to accommodate the addition of 2% Se-enriched yeast (Swanson et al., 2008) . Ewes had free access to water and a trace mineralized salt block (containing no added Se; Roto Salt Company, Penn Yan, NY). As with diets fed at USSES, those fed at NDSU were formulated to be similar in ME and MP and to meet or exceed other nutrient requirements (NRC 1985; Swanson et al., 2008) . Nutritional plane for the RES and HI treatments was achieved by proportional downward (RES) or upward (HI) shifts in dietary intake, resulting in global shifts in total nutrients supplied. Individual daily allotments of diets were usually totally consumed, with the appearance of orts being rare. Targeted ME requirements for CON-fed animals were based on NRC (1985) recommendations for 60-kg BW, pregnant ewe lambs during mid to late gestation (ADG of 140 g/d) and were adjusted to 2.36 Mcal of ME/d based on previous experience for this type of ewe consuming similar diets and being housed in the Animal Nutrition and Physiology Center at NDSU. Supply of ME needed per ewe was then adjusted by adding or subtracting 0.0198 Mcal of ME/kg of BW above or below the initial 60-kg BW target. Daily DMI for in-dividual ewes of the respective diets were then determined based on ME demand and dietary ME composition (Swanson et al., 2008) . Because the ASe and HSe pelleted diets were similar in ME (2.63 and 2.64 Mcal of ME/kg respectively), Se targets for the HSe treatments were met by blending the ASe and HSe pellets. Body weight was measured every 14 d, and the diets were adjusted accordingly.
Parturition and Postnatal Procedures
All births were allowed to occur spontaneously and were observed so that lambs could be immediately removed from their dams and placed in different pens. At birth, lambs were weighed and navels were clipped and dipped in a 7% iodine tincture. Crown-rump length (CRL, i.e., the length from the crown of the head to the end of the rump, as measured along the backbone) and girth (i.e., the distance around the rib cage directly behind the forelegs) were measured within 24 h after birth. Lambs were given artificial colostrum for the first 20 h (19.1 mL/kg in the first 2 feedings and 25.5 mL/kg in subsequent feedings to achieve 10.64 g of IgG/kg of BW), after which lambs were fed milk replacer (Super Lamb Milk Replacer, Merrick's Inc., Middleton, WI) and adapted to a teat bucket system, with access to fresh alfalfa leaves, creep feed (55% corn, 25% soybean meal, 12.5% oats, and 7.5% supplement; J&S Farmers Mill, Barnesville, MN), and water. At 24 h postpartum, serum samples were collected from all lambs as described in Swanson et al. (2008) for Se analysis (Finley et al., 1996) . From 24 h postpartum to weaning (i.e., last day of milk replacer), lambs were allowed access to milk replacer and feed ad libitum. Lambs were weaned to a totally pelleted grower diet (Table 1 ) at 57 ± 3.8 d of age. At 116 ± 3.9 d of age, lambs were transitioned to a finisher diet (Table 1) . At birth, and again at 21 d of age, lambs were vaccinated against Clostridium perfringens types C and D (Ultrabac CD, Pfizer Animal Health, New York, NY). At 7 d of age, male lambs were castrated and all lambs were tail docked. At 24 ± 3.8 d of age, lambs received injections of vitamins A, D, E, and B complex (Durvet, Blue Springs, MO). All lambs were reared similarly in a temperature-controlled (21°C) and ventilated facility for the duration of the study. Lighting within the facility was automatically timed to mimic daylight patterns during spring, summer, and fall.
The growth of lambs was measured by recording BW. Before weaning, lambs were weighed at birth and at 1, 3, 7, 21, 35, and 49 d of age. At weaning (d 57 ± 1, mean ± SD), a 2-d average BW was taken. After weaning, lambs were weighed every 3 wk until slaughter at 180 ± 2.2 d of age (mean ± SD). Before slaughter, CRL and girth measurements were obtained again. Body condition scores (1 to 5 scale, where 1 = emaciated and 5 = obese; American Sheep Industry Association, 1997) were collected at weaning and at every subsequent 3-wk weigh period until slaughter. 
Feed Efficiency and ADG
Thirty-one male and 29 female lambs were selected for individual feeding to measure feed efficiency and ADG during 2 periods: period 1 began on d 78 ± 3.5 (mean ± SD) for male lambs and on d 88 ± 3.9 for female lambs; period 2 began on d 120 ± 3.5 for male lambs and on d 129 ± 3.9 for female lambs. Lambs were individually penned with access to fresh water for 7-d collection periods. Feed intake was recorded daily and BW was collected at the beginning and end of the collection periods, using 2-d averages for initial and final BW. For period 1, lambs consumed the grower diet and for period 2, lambs consumed the finishing diet (Table  1) .
N Balance
Twenty-nine male lambs were selected for use in 2 N balance studies (procedures similar to those of Lawler- Neville et al., 2006) initiated at 90 and 132 ± 3.5 (mean ± SD) d of age. During each period, lambs were adapted to metabolism crates for 4 d, followed by a 7-d collection period of feed, orts, feces, and urine. For period 1, lambs consumed the grower diet, and for period 2, lambs consumed the finishing diet (Table 1) . Fresh water was provided twice daily. Feces were collected in fecal bags and urine was collected in buckets containing 80 mL of HCl (50% wt/vol) to inhibit microbial growth and NH 3 volatilization. Feces and urine were weighed, mixed, and composited (10% aliquot) across days within animal and period, and then stored (−20°C) until analysis. Urine was filtered through 4 layers of cheesecloth before weighing and subsampling.
Feed, fecal, and ort samples were dried in a 50°C forced-air oven for 48 h, ground to pass through a 2-mm screen, and subsequently analyzed for DM, ash, N (methods 930.15, 942.05, and 990.02, respectively; AOAC, 1990) , ADF, and NDF (Ankom, Fairport, NY). Urine samples were thawed and analyzed for N (method 990.02; AOAC, 1990).
Calculations
Average daily gain was calculated for the periods of birth to 7 d, birth to weaning, weaning to slaughter, and birth to slaughter. The change in BCS from weaning to slaughter was calculated by subtracting BCS at weaning from slaughter BCS.
For the ADG and feed efficiency individual feeding periods, initial and final BW were calculated as 2-d averages. Average daily gain was calculated as the amount of BW gain per day. Feed efficiency was calculated by dividing ADG by individual DMI.
Percentage of nutrients digested by males in metabolism crates was calculated by subtracting output from intake and then dividing by intake of the specific nutrient. Three calculations were used to assess N retention: 1) grams of N retention was measured by subtracting urine and fecal N from N intake, 2) N retention as a percentage of N intake was calculated by dividing N retention by N intake, and 3) N retention was expressed as a percentage of N digested by dividing N retention by the difference of N intake and fecal N output.
Statistical Analysis
The experimental design for this study was a completely randomized design with a 2 × 3 factorial arrangement of treatments. Ewes were individually penned, with treatment imposed in utero; therefore, the individual lamb served as the experimental unit. Five ewes were removed from the study because they were not pregnant (n = 3; ASe-CON, ASe-HI, HSe-CON), did not adapt to the diet (n = 1; ASe-LOW), or had a stillborn fetus (n = 1; HSe-HI). If lambs died before the conclusion of the trial, they are included in the data set up to the age of death. Four lambs were lost before 7 d of age, and 8 lambs were lost from 7 d of age to the conclusion of the study (d 180). Total numbers of animals per treatment at time points of interest are indicated in Table 2 . Data were analyzed with MIXED procedures (SAS Inst. Inc., Cary, NC). When measures were recorded over time, data were analyzed as repeated measures. The model contained effects for maternal concentration of Se (ASe and HSe), maternal nutrition (RES, CON, and HI), offspring sex, day of age, and, where appropriate, contemporary group (i.e., offspring used in the feed efficiency and N balance studies) and all interactions. If P ≥ 0.2 for interactions, they were deleted from the model unless the interactions were of interest. Because ewes carried both singletons (n = 69) and twins (n = 8 sets), litter size was used as a covariate in the model and was retained when significant (P < 0.15). For the ADG, feed efficiency, and N balance studies, no interactions were attributable to period (P > 0.20); therefore, the interactions were removed from the model. Means were separated by LSD, and least squares means and SEM for all data are presented. Main effects were discussed if P < 0.10.
RESULTS
Maternal plasma Se concentrations were published previously by Swanson et al. (2008) . There was no interaction (P = 0.18) between Se and maternal nutritional intake on neonatal lamb serum Se concentrations at 1 d of age. There was no sex or maternal diet × sex interaction (P ≥ 0.10). There was an effect of Se (P < 0.01) and a tendency for an effect of maternal nutritional intake (P = 0.07), with lambs born from HSe ewes having greater (P < 0.01) serum Se concentrations than lambs born from ASe ewes. Moreover, lambs from RES-fed ewes had greater (P = 0.02) serum Se concentrations than lambs from CON-fed ewes, with lambs from HI-fed ewes being intermediate (Figure 1 ).
There was a maternal nutritional intake × offspring sex interaction for birth weight (P = 0.02; Figure 2 ).
Males born to RES-and HI-fed ewes did not differ (P = 0.30) in BW but were lighter (P ≤ 0.03) than males born to CON-fed ewes. Females were similar (P = 0.92) in BW when born to CON-or HI-fed ewes, but were lighter (P < 0.01) when born to RES-fed ewes. Males from RES-fed ewes were heavier (P = 0.06) than females born to RES-fed ewes. Although there was no effect of sex on birth weight of lambs born to CON-fed ewes (P = 0.12), males were lighter (P = 0.08) than females born to HI-fed ewes. There were no effects of sex, Se, or their interactions with maternal nutritional intake (P > 0.13) on CRL and girth at birth. Lambs born to RES-and HI-fed ewes were shorter (P ≤ 0.05) and had a smaller (P < 0.01) girth compared with lambs born to CON-fed ewes (Table 3) .
There was a maternal nutritional intake × day interaction (P = 0.04) on lamb BW from d 1 to weaning (i.e., removal from milk replacer, d 57; Figure 3 ). By d 21 and continuing to d 35, lambs born to HI-fed ewes were lighter (P ≤ 0.05) than those born to CON-fed ewes, with those born to RES-fed ewes being intermediate. By d 49 through weaning, lambs born to RES-fed ewes were lighter (P ≤ 0.05) than those born to CONfed ewes. Moreover, lambs born to RES-fed ewes were similar (P = 0.87) to those born to HI-fed ewes on d 49 but were lighter (P = 0.03) by weaning. However, calculated ADG from birth to d 7 and birth to weaning did not differ (P > 0.28) by treatment. Maternal Se treatments were daily intake of organically bound Se, adequate Se (ASe; 9.5 μg/kg of BW) vs. high Se (HSe; 81.8 μg/kg of BW; Se-enriched yeast, Diamond V, Cedar Rapids, IA). Maternal nutritional treatments were RES (restricted; fed at 60% of CON), CON (control; 100% requirements for gestating ewe lambs), and HI (high; fed at 140% of CON). M = male lambs; F = female lambs. Least squares means ± SEM differ, P ≤ 0.08.
After weaning, there was a maternal nutritional intake × sex × day interaction (P = 0.05; Figure 4) . On d 78 and until the conclusion of the experiment (d 180), regardless of maternal intake, female lambs were similar (P ≥ 0.35) in BW. However, male lambs from RESfed ewes were lighter (P ≤ 0.09) on d 78 and 120 than male lambs born to CON-fed ewes, with lambs from HI-fed ewes being intermediate ( Figure 4B and 4C) . By d 162, male lambs born to HI-fed ewes were lighter (P ≤ 0.05) than those born to RES-and CON-fed ewes, which did not differ (P = 0.53; Figure 4D ). By d 180, males born to RES-and HI-fed ewes were similar (P = 0.49) in BW and were lighter (P ≤ 0.09) than those born to CON-fed ewes ( Figure 4E ). Moreover, on d 120, 162, and 180, males were heavier (P ≤ 0.02) than females when born to CON-fed ewes ( Figure 4C, 4D , and 4E). Neither maternal diet nor sex influenced ADG from birth to slaughter (P > 0.20) or from weaning to slaughter (P > 0.15).
There was no effect (P ≥ 0.15) of maternal diet or sex on BCS from weaning to slaughter. However, lambs increased (P < 0.01) in condition from weaning to d 99. Body condition was similar from d 99 to 120 (P = 0.09) and increased (P < 0.01) until d 162. From d 162 until slaughter, BCS declined to a similar (P = 0.92) BCS as on d 141 (Figure 5 ).
At slaughter, CRL was affected (P = 0.03) by maternal nutritional intake and sex of the offspring. Regardless of maternal nutritional intake, female lambs were similar (P > 0.11) in length (Table 4) . However, male lambs born to HI-fed ewes were shorter (P = 0.05) than male lambs born to CON-fed ewes, with males born from RES-fed ewes being intermediate. Moreover, male lambs were longer (P = 0.01) than female lambs born to CON-fed ewes (Table 4) . Sex influenced girth, with male lambs having an increased (P = 0.08) girth compared with female lambs (100.1 vs. 97.4 ± 1.2 cm; Table 4 ).
Feed Efficiency and ADG
In the feed efficiency and ADG studies (Table 5) conducted using a subset of male and female lambs from each treatment, no treatment × period (growing or finishing) interactions (P ≥ 0.27) were present. There was no effect (P > 0.23) of maternal diet or sex on offspring DMI or on initial or final BW. There was no effect (P = 0.12) of sex on ADG, but there was a maternal Se supplementation × maternal nutritional intake interaction (P = 0.01). Additionally, there was a maternal Se supplementation × maternal nutritional intake interaction (P = 0.01) and a main effect of sex (P < 0.01) for G:F. In lambs born from ASe ewes, HI maternal nutritional intake decreased (P ≤ 0.09) ADG and G:F compared with lambs born to RES-and CON-fed ewes, which did not differ (P > 0.60). Conversely, when lambs were born to HSe ewes, offspring of HI-fed ewes had increased (P ≤ 0.01) ADG and G:F compared with offspring of CON-fed ewes, with RES-fed ewes being intermediate. Moreover, lambs born to ASe-HI-fed ewes had decreased (P < 0.01) ADG and a decreased G:F compared with lambs born to HSe-HI-fed ewes (Table  5) . Male lambs had a greater (P < 0.01) G:F than female lambs (0.22 vs. 0.16 ± 0.02). Means within a row having differing superscripts differ (P < 0.10).
1
Maternal Se treatments were daily intake of organically bound Se, adequate Se (ASe; 9.5 μg/kg of BW) vs. high Se (HSe; 81.8 μg/kg of BW; Se-enriched yeast, Diamond V, Cedar Rapids, IA).
2
Maternal nutritional treatments were RES (restricted; fed at 60% of CON), CON (control; 100% requirements for gestating ewe lambs), and HI (high; fed at 140% of CON). A maternal nutritional intake (Nut) × day interaction (P = 0.04) on lamb BW gain from d 1 to 57 (i.e., removal of lambs from milk replacer). Maternal nutritional intake treatments were RES (restricted; 60% of control), CON (control; 100% requirements for gestating ewe lambs), and HI (high; 140% of control) fed from d 50 to term. Lambs were raised similarly after birth.*RES < CON, P ≤ 0.05. #HI < CON, P ≤ 0.05. ^RES < HI, P = 0.03. Least squares means ± SEM with different superscripts within a day differ, P ≤ 0.05.
N Balance
No treatment × period (growing or finishing) interactions (P ≥ 0.18) were present in the N balance study (n = 29 male lambs), so data sets were combined. No differences (P ≥ 0.16) were found in specific nutrient (DM, OM, NDF, ADF, or N) intakes or outputs among treatments (Table 6 ). Total tract digestion of DM, OM, NDF, and N were less (P ≤ 0.07) for the HSe vs. ASe male lambs tested. No differences (P ≥ 0.11) in ADF digestion or N retention were found (Table 6 ).
DISCUSSION
Most large animal studies in the area of developmental programming report fetal responses rather than subsequent adult phenotype because of financial and logistical constraints (Armitage et al., 2004) . That being said, there are several studies in which offspring performance has been reported; however, lambs remained with their dams (Da Silva et al., 2001; Gardner et al., 2004; Muñoz et al., 2009a) . Therefore, the direct effects of gestational diet on postnatal growth cannot be uncoupled from the effects of maternal diet on mammary gland development. Our laboratory has previously reported that mammary gland weight, colostrum composition (Swanson et al., 2008) , and milk yield (Garbel et al., 2009 ) are affected by maternal diet during gestation in sheep. By raising lambs independently of their dams, we were able to assess postnatal performance strictly because of the conditions the fetus experiences in utero.
Although nutrient restriction (Scheaffer et al., 2004; Fahey et al., 2005; Ford et al., 2007; Reed et al., 2007; Quigley et al., 2008; Carlson et al., 2009) or excess (Wallace et al., 2000 (Wallace et al., , 2002 Caton et al., 2009; Ford et al., 2009 ) has been reported to reduce BW and fetal size, neonatal size, or both, birth weight data from Se supplementation have not been widely studied. Data from our laboratory have shown that fetal BW near term Carlson et al., 2009 ) and birth weight (this study) are not influenced by Se supplementation. However, our laboratory has also reported that Se supplementation can increase fetal BW at d 135 of gestation (Reed et al., 2007) . Likewise, Meyer et al. (2010) found, within restricted-fed dams, that Se supplementation increased fetal BW at birth. Therefore, even within our own laboratory, the effects of supplemental Se on fetal growth are variable. A large-scale, multifarm experiment conducted in sheep reported that Se supplementation did not affect birth weight (Muñoz et al., 2009b) . Dairy (Moeini et al., 2009) or beef (Gunter et al., 2003) calves born to Se-supplemented cows did not differ in BW at birth or weaning. Although these studies did supplement Se, the concentrations of Se were not at supranutritional concentrations (i.e., above nutrient requirements). Previous work from our laboratory has produced variability within the data, with decreased fetal girth , increased fetal weight (Reed et al., 2007) , or both near term in ewes supplemented with supranutritional concentrations of Se throughout gestation. The duration of Se supplementation could explain these conflicting results.
It appears that male and female lambs respond differently to maternal nutritional intake. Female lambs appeared to be more sensitive to restricted intake of ewes because their birth weight was reduced more than the birth weight of their male counterparts. Further- Means within a row having differing superscripts differ (P ≤ 0.05).
1
Maternal nutritional treatments were RES (restricted; fed at 60% of CON), CON (control; 100% requirements for gestating ewe lambs), and HI (high; fed at 140% of CON).
2 Probability values for effects of nutrition (Nut), lamb sex, and their interaction.
3
Main effect means for lamb sex are 97.4 and 100.1 ± 1.2 cm for females and males, respectively. more, overnourished ewes carrying male lambs stunted their growth while not altering female lamb BW when compared with CON-fed ewes. Although sex of the offspring along with maternal nutritional intake altered birth weight, only maternal nutritional intake affected the size of the offspring. Regardless of whether the ewe was feed-restricted or overfed, lambs were smaller than those born to CON-fed ewes. It has been well documented from several laboratories that maternal nutrient restriction (Scheaffer et al., 2004; Fahey et al., 2005;  a-c Means within a row having differing superscripts differ (P < 0.10).
1 Two 7-d collection periods occurred separately starting at 78 and 120 ± 3.5 d and 88 and 129 ± 3.9 d of age for males and females, respectively. n = 6, 7, 4, 4, 7, 3 for males; 5, 5, 4, 5, 5, 5 for females; and 11, 12, 8, 9, 12, 8 combined for ASe-RES, ASe-CON, ASe-HI, HSe-RES, HSe-CON, and HSe-HI, respectively.
2
Maternal Se treatments were daily intake of organically bound Se, adequate Se (ASe; 9.5 μg/kg of BW) vs. high Se (HSe; 81.8 μg/kg of BW; Se-enriched yeast, Diamond V, Cedar Rapids, IA). Maternal nutritional treatments were RES (restricted; fed at 60% of CON), CON (control; 100% requirements for gestating ewe lambs), and HI (high; fed at 140% of CON).
3 Probability values for effects of Se, nutrition (Nut), and the interaction. When fetal number was significant as a covariate, it remained in the model. Ford et al., 2007; Reed et al., 2007; Quigley et al., 2008; Carlson et al., 2009) or excess (Wallace et al., 2000 (Wallace et al., , 2002 Caton et al., 2009; Ford et al., 2009 ) often leads to reduced birth weights in lambs. However, the literature is limited in how sex of the offspring with each nutritional treatment may have responded because it is unclear if the effect of sex was statistically analyzed. Da Silva et al. (2001) demonstrated that when primiparous ewes were overnourished throughout gestation, both male and female lambs had growth restriction at birth compared with control-fed ewes. However, the growth restriction in the female lambs was less than that experienced by male lambs (32 vs. 47%; Da Silva et al., 2001) . The sex of the offspring may alter the growth trajectory and function of the placenta, thus altering nutrient delivery. In humans, changes in placental growth in female babies have a greater impact on birth weight compared with those in male babies (Misra et al., 2009 ). These authors suggest that female babies may have "greater resilience" than male babies in times of stressful events during gestation (Misra et al., 2009) . Although this does not appear to be the cause with the RES-fed dams in this study, perhaps the lack of female lamb growth restriction in HI-fed ewes can be attributed to this. More study is needed on how fetal sex affects placental development. Lambs born to HI-fed ewes remained lighter until weaning. It would have been interesting to determine if suckling (i.e., feeding) behavior was altered by maternal dietary intake during gestation because lighter birth weight lambs from RES-fed ewes displayed compensatory growth until approximately d 50 of life. After weaning (i.e., removal from milk replacer in this study), female lamb BW was not different, regardless of the maternal nutritional intake that their dams received. Interestingly, male lambs from RES-fed ewes remained lighter at weaning; however, near 6 mo of age, male lambs from overnourished ewes began to show a pattern of reduced growth compared with male lambs from CON-fed ewes. When Gardner et al. (2004) fed restricted ewes to 50% of control intake early in pregnancy (d 1 to 30 of gestation), followed by similar, adequate diets thereafter, no change in birth weight or postnatal growth to 1 yr of age was observed in the offspring. However, male and female lambs born to overfed dams were lighter at an 84-d weaning (Da Silva et al., 2001 ). Additionally, Da Silva et al. (2001) reported that growth-restricted female lambs from overfed ewes had decreased BW at 15, 20, and 25 wk of age, with no change in ADG. Furthermore, male lambs from overfed dams were lighter until 25 wk of age but had a greater ADG compared with those from control dams (Da Silva et al., 2001) .
In the feed efficiency and ADG trial, there was no effect of sex of the offspring on ADG even though G:F was increased in male lambs. Additionally, offspring from ASe-HI-fed ewes had reduced ADG and G:F compared with offspring from ASe-CON-fed ewes, whereas lambs from HSe-HI-fed ewes had increased ADG and G:F compared with lambs from HSe-CON-fed ewes. This dramatic alteration in ADG due to Se supplementation is quite perplexing. Our laboratory has shown that Se supplementation can increase the vascularity of the jejunum in steers (Soto-Navarro et al., 2004) ; however, this observation has not always been consistent . In lambs from the current study, capillary area density in the jejunum was increased in lambs from HSe ewes compared with ASe ewes (J. S. Caton, K. A. Vonnahme, D. A. Redmer, and L. P. Reynolds, unpublished observations). There was no effect of maternal diet on offspring DMI, so potentially the physiology of digestion may be affected. At this time, we can only speculate regarding how supranutritional concentrations of Se and maternal nutrient status are influencing the development of the fetal gastrointestinal system, metabolic system, or both. Previous work by Martin et al. (2007) found greater residual feed intake in female calves from dams that received a protein supplement during late gestation and an earlylactation hay diet. Stalker et al. (2006) and Larson et al. (2009) found no differences in ADG, DMI, or G:F in steer calves during the finishing period when dams received protein supplements during late gestation. Differences between our studies and these studies are that our dietary modulation occurs from early gestation in sheep and their studies focused on late-gestation protein supplementation in beef cattle. Additionally, the calves stayed with their dams throughout lactation, whereas our lambs were reared independently of postnatal maternal contact.
To our knowledge, no other data sets exist in which digestibility and N retention have been studied in offspring from dams receiving different levels of nutrition during gestation. Maternal Se supplementation decreased DM, OM, NDF, and N digestion, indicating that less digestion occurred in the HSe male offspring. Data from this study clearly showed no increase in intake. However, there appeared to be tendencies for male lambs from HSe ewes to have an increased output of specific nutrients, indicating that this reduction in digestion could be attributed to altered passage rates or nutrient absorption. By nutritionally modulating the dams during gestation and not confounding the results with lactation differences, we allowed differences to be manifested in the performance of the offspring not only at or near term, but also during the growing and finishing phases.
In summary, the data presented here are novel in many respects and support our hypothesis that the maternal diets imposed during gestation alone affected birth weights and early BW gains. The nutritional efficiencies of lambs born to dams given different gestational diets were apparent later in life as well. Although poor maternal nutrition during pregnancy alters birth weight, offspring growth may be further impaired by poor milk production. Our data demonstrate that, despite similar postnatal nutrition and management, offspring growth can be altered by maternal nutrition during gestation alone.
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